Pharyngoesophageal diverticulum is a rare complication following anterior cervical discectomy and fusion (ACDF). Dysphagia is a well-documented complication associated with ACDF. It may result postoperatively from a variety of etiologies, including hardware displacement, pharyngeal edema, or vocal fold paresis. One rare cause of persistent dysphagia is the formation of a hypopharyngeal diverticulum, reported in the literature in 9 previous cases. Such diverticula aft er ACDF surgery may have pathogenesis that is distinct from that of typical Zenker diverticula. We report 3 new cases of hypopharyngeal diverticula in patients who underwent revision ACDFs. Variables assessed included age, sex, level of fusion, ACDF-related complications, and diverticulum management. Two patients underwent successful open surgical diverticulectomy and cricopharyngeal myotomy. In the third case, the patient had a small diverticulum close to the surgical hardware and minimal symptoms and was managed conservatively. Our cases, combined with the 9 previous cases, demonstrate commonalities, particularly with regard to the risk of revision spinal surgery and infection and subsequent hypopharyngeal diverticula development. Hypopharyngeal diverticulum can occur as a complication of ACDF and should be considered in patients with persistent dysphagia aft er surgery. In this patient population, open resection and cricopharyngeal myotomy are recommended.
Introduction
Hypopharyngeal diverticula were fi rst described by Zenker in 1877. 1 Zenker diverticula are acquired di-verticula that commonly form at the Killian triangle, an area of dehiscence existing between the obliquely oriented inferior constrictors and the transverse fi bers of the cricopharyngeus muscle. 2 We report 3 cases of hypopharyngeal diverticula occurring aft er anterior cervical discectomy and fusion (ACDF), a rare but known complication. Th e development of hypopharyngeal diverticula following ACDF has been described in 9 cases previously reported in the literature, beginning with Goff art et al in 1991. [3] [4] [5] [6] [7] [8] [9] [10] We discuss the evaluation, etiology, and treatment of these diverticula and how they diff er from Zenker diverticula.
Case series Patient 1.
A 56-year-old woman presented with regurgitation and choking spells that developed 1 year aft er her second ACDF. She was diagnosed with a hypopharyngeal diverticulum at the C5-C6 fusion site and underwent two unsuccessful attempts at endoscopic repair at an outside institution. She was then transferred to our institution for further care. Th e patient was noted on barium swallow to have a hypopharyngeal diverticulum with the hardware from her C5-C6 fusion at the level of the diverticular pouch (fi gure 1) Th e patient was taken to the operating room, and endoscopic evaluation demonstrated a diverticulum with adherence to the spinal fusion plate (fi gure 2). Subsequent open exploration demonstrated plate exposure within the diverticular sac. Signifi cant adhesions between the diverticulum and the anterior cervical spine were evident. Removal of anterior cervical spine hardware and a transverse cervical artery myofascial fl ap were done in conjunction with the resection of the diverticulum, pharyngeal repair, and cricopharyngeal myotomy. She was fed through a nasogastric tube for 5 days and then successfully started on an oral diet. At 32 months of follow-up, she remained asymptomatic.
Patient 2.
A 59-year-old woman reported a history of gastroesophageal refl ux, hiatal hernia, and three anterior cervical spinal fusions: at C4-C5 in 1989, C5-C6 in 1993, and revision C5-C6 in 2005. She presented 2 years later with symptoms of progressive dysphagia and regurgitation unresponsive to her refl ux regimen. Barium swallow showed a 4-cm diverticulum. She underwent attempted endoscopic repair at an outside institution, which was aborted because the sac could not be reliably located, and she subsequently sought care at our institution.
On imaging the sac appeared to track both superiorly and inferiorly from the sac inlet (fi gure 3). Esophagoscopy revealed an atypical diverticulum with thinned mucosa and signifi cant erythema (fi gure 4 ). An open approach was pursued, which confirmed the presence of a diverticulum with an area of fibrosis superiorly at the previous site of cervical spine surgery. Diverticulectomy with cricopharyngeal myotomy was performed. The patient remained asymptomatic at 13 months of follow-up.
Patient 3. A 50-year-old woman underwent anterior corpectomy and C5-C7 fusion with cage placement. About 1 year following her surgery, she developed a left neck abscess and underwent abscess drainage and removal of a portion of her cervical hardware. Postoperatively, a pharyngocutaneous fi stula and hoarseness were noted. Th e fi stula was managed with intravenous antibiotics and tube feeding, and the patient was referred for our evaluation.
We identifi ed a left vocal fold paresis, and aft er complete resolution of the fi stula, barium swallow showed a small diverticulum at the C5-C6 level. Rigid esophagoscopy showed a mucosalized diverticulum with a thin cover overlying the spine (fi gure 5). Th e depth of the diverticulum was less than 1 cm and was not considered amenable to standard endoscopic repair.
Aft er 10 months of follow-up, the patient reported occasional regurgitation of small amounts of food, and a stable pharyngeal diverticulum was shown on a repeat pharyngoesophagram. She had no signifi cant dysphagia and did not desire treatment at that time.
Discussion
ACDF is common in the treatment of degenerative disc disease, cervical spondylosis, severe neck pain, herniation, and spinal stenosis. 11 A dramatic increase in ACDF has been documented since the 1980s. 12, 13 With the increase in ACDF procedures, understanding the potential complications is essential. 3, 7, [14] [15] [16] [17] Th e overall complication rate of ACDF has been reported as 3.9%. 11 Winslow and Meyers reviewed the prevalence of hoarseness, dysphagia, and other symptoms in this population. 17 Vocal fold paralysis from ACDF is reported in 1.3 to 5%. 15, 16, 18 Th is may result from a stretch injury or transection of the recurrent laryngeal nerve as the larynx is mobilized and retracted for spine exposure.
Another possible mechanism of injury is from the pressure of the endotracheal tube cuff on distal branches of the recurrent laryngeal nerve. Morpeth and Williams report that vocal fold paralysis will resolve within 12 months in up to 80% of cases, as demonstrated by repeat laryngoscopy. 15 Dysphagia from ACDF has been reported in 2 to 60% of cases, and there is broad debate over the incidence. 16 In a prospective study, Bazaz et al state that the incidence of dysphagia is 50.2% at 1 month and 12.5% at 12 months. 16 Correlations between postoperative dysphagia and female sex, 16 multiple fusion sites, 16 and advanced age 19 have been shown. Dysphagia in the immediate postoperative period may result from pharyngeal and esophageal retraction or from other specifi c complications, such as hematoma formation, deep neck space infection, or vocal fold paresis. Dysphagia that develops over time postoperatively can be from esophageal strictures or hardware extrusion. Dysphagia attributed to hypopharyngeal diverticula aft er ACDF is rarely reported.
Zenker diverticula are thought to be caused by internal pulsion forces, possibly due to a discoordination between the pharyngeal phase of swallowing and cricopharyngeal relaxation. Th e role that injury to components of the vagus nerve may play in contributing to cricopharyngeal muscle dysfunction and subsequent pharyngoesophageal diverticula formation is poorly understood. Similarly, the role that vocal fold paresis may play in contributing to ACDF-related diverticula is unknown.
Compared to patients with Zenker diverticula, our patients with diverticula following ACDF exhibited fi ndings such as atypically shaped hypopharyngeal diverticulum retropharyngeal fi brosis, and proximity of the fi stula to spinal hardware. Th ese fi ndings may indicate that disruption of the pharyngeal constrictor muscles at the time of ACDF could contribute to diverticulum formation. In our third case, the pharyngocutaneous fi stula might have led to diverticula formation, although we do not have preoperative radiographs to confi rm normal pharyngeal anatomy prior to revision. Adhesions noted at exploration in our operated cases could indicate that traction forces acting upon the pharyngeal wall may also contribute to these diverticula. Potential causal factors predisposing patients with ACDF to diverticulum formation are explored in table 1. Our 3 cases are combined with 9 case reports from the literature. Of these 12 cases of ACDF-related diverticula, 7 (58.3%) patients were female, whereas Zenker diverticula are more common in men. 2 Female sex has been correlated with an increased risk of dysphagia aft er ACDF. 11 Th e age of patients with ACDF-related diverticula (mean: 45.0 years; range: 28 to 63 years) was younger than the typical age reported for Zenker diverticula (mean: 65 years; range: 60 to 75 years). 20 Th e site of discectomy and fusion was most oft en at levels C5-C7, consistent with the overall greater frequency of disc disease and surgery at these levels. 21 Diverticulum formation followed primary ACDF in 7 (58.3%) cases and secondary ACDF in 5 (41.7%), suggesting an amplifi ed risk of formation with revision spine surgery, although less than half were revision ACDFs. Previous studies have not shown a relationship between revision surgery and dysphagia. 16 However, no data have been collected on the risk of reoperation and pharyngeal wall injury, a possible contributor to diverticula formation.
In addition to revision surgery, other potential causes of diverticula formation were seen among these patients. Seven (58.3%) were reported to have demonstrated bone graft or hardware displacement at some point aft er the initial spine surgery. A history of neck abscess or perioperative infection was present as a possible contributor to diverticulum formation in 4 (33.3%). Two patients developed fi stulas as an ACDF complication, including our patient 3. One patient was noted to have a fi stula preoperatively, prior to diverticulum repair. 8 Universally, the patients complained of persistent dysphagia and/or regurgitation. Table 2 illustrates the time to presentation and intervention, diverticulum management choice, and operative fi ndings for each case. All but 2 patients in the literature developed symptoms within 3 years of their most recent ACDF, the exception being patients with symptoms occurring 6 and 13 years aft er ACDF. 6, 9 
Study Sex/age Fusion site Reported ACDF history
Attempts at endoscopic repair of the diverticula were largely unsuccessful in this patient population. While 7 patients had a history of attempted endoscopic repair, only 2 were successfully treated endoscopically (table 2). One of the eff ective endoscopic diverticulectomy repairs was mediated through a staged procedure in which the hardware was removed with a cervical incision, and later the otolaryngology service repaired the diverticulum endoscopically. 9 Ultimately, 8 patients had open repairs. Th e atypical shape of these diverticula, as well as the impact of spinal fusion on neck mobility, would appear to contribute to the diffi culty of endoscopic repair. Open diverticulectomy allowed superior visualization and complete resection of the diverticula, lysis of potentially contributing adhesions, and an opportunity for removal of unnecessary surgical hardware.
Although the pathophysiology of these diverticula appears to be distinct from that of Zenker diverticula, we have included cricopharyngeal myotomy in our repair of these diverticula, given its role as a standard of care for Zenker diverticulum management. Dividing the cricopharyngeus muscle may decrease pulsion forces that could have contributed to the diverticulum formation.
Our identifi cation of these patients aft er the development of their diverticula prevents any conclusions regarding the presence or absence of cricopharyngeal muscle spasm or discoordination prior to their primary or revision spine surgeries.
As the number of ACDFs performed in the United States increases, a growing awareness of the potential complications is necessary. Dysphagia is common in the early postoperative period, 16 but persistent dysphagia lasting beyond 6 months is not. 11, 14, 17 Winslow and Meyers prefer to institute otolaryngologic evaluation for dysphagia lasting 1 to 2 months aft er ACDF, 17 while others describe dysphagia as a common fi nding up to 1 year postoperatively. 11, 14, 15 One cause of persistent dysphagia is the formation of a hypopharyngeal diverticulum; therefore, an increased index of suspicion by spinal surgeons and otolaryngologists is warranted, especially following revision surgery, hardware or graft displacement, postoperative fi stula, or infection.
